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Abstract Severe acute pancreatitis (SAP) develops in about 25% of patients with acute pancreatitis. Severity of acute pancreatitis is linked to the presence of systemic organ dysfunctions and/or necrotizing pancreatitis. Risk factors independently determining the outcome of SAP are early multiorgan failure (MOF), infection of necrosis, and extended necrosis (>50%). Morbidity of SAP is biphasic, in the first week it is strongly related to systemic inflammatory response syndrome while, sepsis due to infected pancreatic necrosis leading to MOF syndrome occurs in the later course after the first week. Contrast-enhanced computed tomography provides the highest diagnostic accuracy for necrotizing pancreatitis when performed after the first week of disease. Patients who suffer early organ dysfunctions or are at risk for developing a severe disease require early intensive care treatment. Antibiotic prophylaxis has not been shown as an effective preventive treatment. Early enteral feeding is based on a high level of evidence, resulting in a reduction of local and systemic infection. Patients suffering infected necrosis causing clinical sepsis are candidates for intervention. Hospital mortality of SAP after interventional or surgical debridement has decreased to below 20% in high-volume centers.
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Natural Course of Pancreatitis
There are two phases of acute pancreatitis (AP): the early phase occurs during the first week from the time of onset, and is related to organ failure, secondary to systemic inflammatory response syndrome (SIRS). Infection is not a feature of the early phase. Proinflammatory cytokines contribute to respiratory, renal, and hepatic failure [1, 2] . The "second or late phase" which starts 14 days after the onset of the disease, is marked by infection of the gland, necrosis and septic systemic complications causing a significant increase in mortality. Infection of the necrotic pancreas occurs in the 8%-12% of the patients with AP and in 30%-40% of patients with necrotizing pancreatitis, and it is considered the most important risk factor of necrotic pancreatitis.
The extent of pancreatic necrosis is not fixed and may progress as the disease evolves during the first 2 weeks. Fluid collections are common and are termed as acute fluid collections before 4 weeks. Fluid collections after 4 weeks are termed as pancreatic pseudocyst. Late phase of AP is characterized by local complications. Infection of pancreatic necrosis occurs in 25-70% of patients with necrotizing pancreatitis and is believed to occur as a result of bacterial translocation due to failure of intestinal barrier [3, 4] . Mortality occurs in two peaks. In the early phase, it is due to severe SIRS and in the late phase due to multiorgan failure (MOF), secondary to infective local complications or systemic sepsis [5, 6] . 
Diagnosis
After the diagnosis of AP, it is important to predict the severity of the disease and make a clinical decision whether a particular patient requires intensive care or not. There are various scoring systems (Ranson, Glasgow, APACHE II, SOFA, etc.) that help to stratify the severity of AP. The bedside index for severity in acute pancreatitis (BISAP) stratifies patients within the first 24 h of admission according to their risk of inhospital mortality and is able to identify patients at increased risk of mortality prior to the onset of organ failure. One point is assigned for the presence of each of the following during the first 24 h: blood urea nitrogen >25 mg/dL; impaired mental status; SIRS; age >60 years; or the presence of a pleural effusion (BISAP). Score of > 3 is associated with 5-20% mortality [7] . BISAP score is a simple clinical bedside scoring system.
Contrast-enhanced computed tomography (CECT) is the gold standard in diagnosing pancreatic necrosis. Contrast-enhanced magnetic resonance imaging is a good alternative in patients with renal failure. The current guidelines recommend that CECT is indicated for patients with persistent organ failure, signs of sepsis, or clinical deterioration 6-10 days after admission [8] . The Balthazar's CT severity index (CTSI) (Table 1) [9] is commonly used to stratify the severity and also helps predicting mortality. Figure 1 is a CECT scan image of infected pancreatic necrosis (IPN) (A) and necrosis extending into the left paracolic gutter (B). CTSI modified by Mortele et al. [10] differs from the Balthazar's severity index by the addition of a simplified evaluation of the presence and number of fluid collections and the extent of pancreatic necrosis, and assessment, with different weighting factors, of the presence of extrapancreatic findings such as pleural fluid, ascites, extrapancreatic parenchymal abnormalities (infarction, hemorrhage, or subcapsular fluid collection), vascular complications (venous thrombosis, arterial hemorrhage, or pseudoaneurysm formation), and involvement of the gastrointestinal tract (inflammation, perforation, or intramural fluid collection) [10] .
Role of Fine Needle Aspiration FNA
IPN is diagnosed by image-guided FNA for gram staining and/or bacterial culture. Gas in the necrosis on CT scan raises the suspicion of IPN, and surgery may be indicated even without FNA [11, 12] . As the surgical intervention should be delayed as long as possible or even avoided completely with the judicious use of radiological drainage, the results of FNA may not alter the patient management. 
Timing of Surgery
Surgery earlier than 14 days after onset of the disease is not recommended in patients with necrotizing pancreatitis unless there are specific indications, such as MOF, which do not improve despite maximal therapy, and in those who develop abdominal compartment syndrome [13] . The current concept for timing of intervention is that it should be undertaken as late as possible after disease onset (>4 weeks), when the necrotic process has stopped extending, there is clear demarcation between viable and nonviable tissues and when the infected necrosis has become walled off or organized. Such a delay helps decreasing the risk of bleeding [14, 15] .
Nutrition
Enteral nutrition starting in the early phase of severe acute pancreatitis (SAP) is superior to total parenteral nutrition unless paralytic ileus is present [16] . Tube feeding is possible in the majority of patients, but may need to be supplemented by the parenteral route [17] . Continuous tube feeding with peptide-based formulae is possible in the majority of patients; the jejunal route is recommended if gastric feeding is not tolerated [17] . In SAP, it is also possible to combine total parenteral nutrition and enteral nutrition when adequate caloric support cannot be obtained by the enteral route alone [17] .
Role of Antibiotics
The use of prophylactic broad-spectrum antibiotics reduces infection rates in CT-proven necrotizing pancreatitis, but may not improve survival [13] . However, broad-spectrum antibiotics with good tissue penetration are necessary to prevent infection in SAP [16] . Commonly used antibiotics are carbapenems, quinolones, and third-generation cephalosporins. How long the antibiotics should be given is a debate, although they are generally continued for 2 weeks. Prolonged antibiotic therapy for >4 weeks increases the prevalence of fungal infections [18] . The role of prophylactic antifungal agents has not been fully defined. Two randomized double-blinded prospective controlled multicenter trials proved antibiotic prophylaxis ineffective in regard to reduction of infection of necrosis and hospital mortality [18, 19] . A Cochrane metaanalysis concluded that antibiotic prophylaxis is not protective in SAP [20] .
Timing of Cholecystectomy
Optimal timing of laparoscopic cholecystectomy in patients with acute biliary pancreatitis (ABP) is still contentious. In mild ABP, laparoscopic cholecystectomy has been considered the definitive treatment [21] . Early laparoscopic cholecystectomy can be performed as soon as the serum amylase decreases and symptoms improve [22] . Heinrich et al. [23] analyzed four prospective trials evaluating the optimal timing for surgery and concluded that early laparoscopic cholecystectomy should be preferred in patients with mild to moderate ABP, whereas in patients with severe ABP, who did not undergo surgery for necrotizing pancreatitis, cholecystectomy appears to be favorable after full recovery [22] [23] [24] [25] [26] . 
Role of ERCP in Biliary Pancreatitis
The benefits of ERCP with endoscopic sphincterotomy (ES) has been studied in 3 randomized trials [27] [28] [29] and 2 metaanalyses [30, 31] . Patients with predicted mild ABP in the absence of cholangitis have not shown benefits from an early ERCP. The decision on management of patients with predicted severe ABP is still debatable. The United Kingdom guidelines recommend that urgent therapeutic ERCP should be performed within 72 h of admission in all patients with predicted severe ABP, whether or not cholangitis is present [8] .
However, a recent meta-analysis by Petrov et al. [32] demonstrated that early ERCP with or without ES had no beneficial effects in patients with predicted mild or severe ABP without cholangitis. The conclusion of this study was partially supported by the 2007 guidelines of the American Gastroenterology Association, which stated that early ERCP in patients with severe ABP without signs of acute cholangitis is still not uniformly accepted in the literature [33] .
Management of Sterile Pancreatic Necrosis
Patients with sterile pancreatic necrosis should be managed conservatively and undergo intervention only in selected cases, such as those patients with MOF who do not improve despite maximal therapy in the intensive care unit [13] .
Management of IPN
Surgery is the gold standard treatment for IPN. The current recommendation is to delay the surgery for 4 weeks after the onset of pancreatitis. This may lead to prolonged use of antibiotics causing more antibiotic resistance and secondary fungal infections [34] .
There are various approaches to remove the pancreatic necrosum. Table 2 outlines various strategies for necrosectomy. Figure 2 shows the technique of open pancreatic necrosectomy.
Open necrosectomy with closed packing-after the removal of necrotic tissue, the cavity is filled with penrose drains via various stab incisions. Between two and twelve drains are placed. The intention of drains is to provide compression rather than facilitate external drainage. The drains are removed one every other day, starting 5-7 days postoperatively.
Open necrosectomy with open packing-after removal of necrotic tissue the necrotic cavity is packed; drains placed in pancreatic bed and the incision is left open. This technique is associated with increased incidence of fistulae, bleeding, and incisional hernia. Programmed open necrosectomy-debridement and removal of necrotic tissue is done over multiple procedures. After necrosectomy, the pancreatic bed is packed with sponges and soft drains are placed on the top of the packs. The abdomen is closed with zipper.
Successful necrosectomy can be performed by using blunt dissection, avoiding removal of adherent material, avoiding division of strands running across the cavity, using repeated saline flushes to separate the necrosum, and use of packs to control massive bleeding. An ileostomy may be considered when there is necrosis extending in the paracolic gutter. 
Minimally Invasive Necrosectomy
Recognition that laparotomy may itself add to morbidity by increasing postoperative organ dysfunction has led to the development of alternative methods for debridement. These alternative methods mostly involve debridement via retroperitoneal, laparoscopic, or endoscopic approaches or combinations of these. They share the common goal of avoiding laparotomy and are collectively referred to as minimally invasive necrosectomy (MIN). To date, there is no randomized trial evidence comparing these techniques with traditional 'open' necrosectomy or, equally importantly, comparing the different techniques of MIN against one another.
Endoscopic necrosectomy-the necrosectomy can be done through the natural orifices [35] and percutaneous endoscopic gastrostomy (PEG). Endosopic ultrasound is done to localize the necrotic cavity. The posterior wall of stomach is punctured with the needle, the tract is dilated. Necrosectomy is carried out with different devices, i.e., snares, baskets, forceps [36, 37] . The necrosectomy is followed by copious irrigation with normal saline solution. For lavage and drainage, a 7 Fr nasocystic and 10 Fr pig tail drains are placed in the cavity. Multiple sessions are required for complete necrosectomy. Recent data from the literature indicated that the endoscopic approach could be a safe and effective modality for management of IPN with potentially lower morbidity than the traditional surgical approach. However, the data is from small prospective studies and multicenter prospective randomized trials are needed to clarify the role of the endoscopic approach in necrotising pancreatitis. A similar procedure can be carried out via PEG [38] .
Radiological necrosectomy-percutaneous catheter drainage may be used as a primary treatment for pancreatic necrosis, as a secondary treatment to manage postoperative fluid collection or to delay the definitive treatment. Most of the collections are located in the lesser sac. These collections can be reached through various routes; for example, transperitoneal, retroperitoneal, and transmural. The catheters have multiple holes and minimal diameter of [12] [13] [14] . [39] . Percutaneous drainage of collections may help drain the pus, decrease the systemic sepsis, and delay the necrosectomy.
Laparoscopic Necrosectomy-most of the laparoscopic techniques use either the anterior or lateral approach. Videoassisted retroperitoneal debridement (VARD) is a technique that uses the lateral approach. Radiologically guided drain is initially placed in the necrotic cavity. The patient is placed in a supine position with his left flank elevated. A subcostal or intercostal incision is made to follow the retroperitoneal drains up to the necrotic area, which is opened bluntly through digital examination. Necrotic tissue is debrided by forceps and a suction device. A 10-mm laparoscope and a long 10-mm trocar are inserted through the retroperitoneal wound. Under laparoscopic vision, the remaining necrotic tissue is removed by laparoscopic graspers. Two surgical drains are inserted into the necrotic cavity via the incision [40] [41] [42] . In addition to its minimal invasive nature, VARD avoids peritoneal contamination. The disadvantages of VARD are as follows: it requires repeated sessions, colonic complications cannot be assessed, and performing cholecystectomy is impossible. Necrosectomy can also be done through anterior approach. The routes used are retrogastric retrocolic and transmesocolic. Anterior approach can also be used for handassisted laparoscopic surgery [43] . There are few recent reports of single-port laparoscopic necrosectomy [44] .
As MIN techniques have been available for a decade, it is perhaps not surprising that there is a reasonable degree of concordance regarding each type of procedure. It is accepted that technology and techniques will continue to evolve, however, in order to maintain a fair perspective, it should be noted that the 'conventional' operation of open necrosectomy has also evolved and been simplified and, in specialist hepatopancreaticobiliary centers, is carried out with very low mortality [45, 46] . In order to maintain a balanced perspective, however, it should be acknowledged that the available data for the minimally invasive approaches do suggest that good outcomes can be achieved. The traditional limitations of open surgery (worsening of organ dysfunction and postoperative need for critical care) should be balanced against the limited information on the outcomes of the minimally invasive approaches. Of the minimally invasive techniques, the retroperitoneal approach may be selected in patients with left-sided, predominantly retroperitoneal necrosis with a semisolid collection. Endoscopic necrosectomy appears most effective in addressing a unilocular collection containing fluid of low Hounsfield unit density and located in a principally retrogastric position. Similarly, laparoscopic necrosectomy seems to be most effective in addressing unilocular, retrogastric fluid collections, but has the additional advantage of allowing for a wide cystogastrostomy and perhaps better debridement than with endoscopy.
Step-up vs Step-down Approach
In step-up approach the initial treatment is radiological drainage. If this fails then minimal invasive surgery is employed, and open surgery is reserved for those patients who do not respond to less invasive techniques. In stepdown approach open surgery is used as the primary treatment and less invasive techniques are used to manage subsequent collections or ongoing necrosis. These both the approaches are compared in the PANTER trial (Pancreatitis, Necrosectomy versus step-up approach). The trial concluded that the minimally invasive step-up approach, as compared with open necrosectomy, reduced the rate of the composite end point of major complications or death among patients with necrotizing pancreatitis [47] .
Complications of Necrosectomy
Complications following necrosectomy remain common; however, recent data have shown that the overall morbidity and mortality have declined. These complications include pancreatic fistula, enterocutaneous fistula, colonic strictures, intestinal obstruction, secondary infections, wound infection, dehiscence, and incisional hernia [48] . Bleeding is a rare complication usually managed by topical hemostatic agents, suturing, packing, and angioembolization. Fistulae occur in up to 30% of patients undergoing laparotomy, and initially it should be managed conservatively, with surgical repair deferred until such time as the pancreatitis has resolved completely [48] . Colonic complications in the form of perforation or strictures are not uncommon. Patients with extensive necrosis extending in the left paracolic gutter are more prone to these complications. A defunctioning ileostomy followed by resection with primary anastomosis later may be required in these patients. Wound infection and dehiscence must be treated more aggressively. Endocrine and exocrine insufficiencies of the pancreas are also relatively common [48] .
Summary
Management of acute necrotizing pancreatitis has changed significantly over the past years. Early management is nonsurgical and solely supportive. Today, more patients survive the early phase of severe pancreatitis due to improvements in intensive care medicine. It is clear that although the era of MIN has arrived, there is a limited body of evidence. The selection of treatment must be guided by the need to ensure the availability of true multidisciplinary expertise in a specialist unit. Techniques should not be selected simply because of the expertise of an individual clinician.
